The synthesis of O-succinimidyl-(tert-butoxycarbonylamino)methyl carbamates employing isocyanates made through the Curtius rearrangement of Boc-amino acid azides in the presence of N-hydroxysuccinimide under the influence of ultrasound is described.
INTRODUCTION
Ureidopeptides are an important class of peptidomimetics by virtue of their applications as drugs with more elevated biological properties than the parent peptides [1, 2] as well as structural motifs for conformational analysis. [3, 4] Therefore, development of new methods to synthesize these compounds has gained attention. Recently, Fishcer et al. have reported the synthesis of six O-succinimidyl-(tert-butoxycarbonylamino)methyl carbamates [5] through the Curtius rearrangement of corresponding acid azides under high-temperature reflux. In this case, the product yields have shown to be less then satisfactory, presumably because of the decomposition of Boc-protected derivatives at the elevated temperature used for the reaction. Consequently, the preparation of isocyanates derived from Boc amino acids requires an alternative strategy. We herein demonstrate the Curtius rearrangement of Boc amino acid azides under ultrasonication at ambient temperature.
RESULTS AND DISCUSSION
Boc-=Z-amino acid azides are known for their instability even at room temperature. [6] Their utility as peptide coupling agents at ambient temperature was accompanied by the formation of the reactive isocyanates leading to several side products. Recently, Guichard et al. reported an efficient stepwise synthesis of N,N 0 -linked oligoureas [HN-CHR-CH 2 -NH-CO] n in solution and on solid support utilizing O-succinimidyl carbamates derived from N-Boc-=Fmoc-b 3 -amino acids as well as Boc-=Z-=Fmoc-a -amino acids and dipeptides as activated monomers. [7, 8] Further, they have explained the short-range interaction of the cis-trans urea motif in urea peptides Boc-L-gSer(Bzl)-CONHMe=NMe 2 , Piv-LPro-L-gLeu-CONHMe=NMe 2 , Boc-L-gSer(Bzl)-CO-L-Leu-NHMe, and Boc-L-gSer(Bzl)-CO-D-Leu-NMe 2 . [9] Subsequently, they have also described solution-phase synthesis of hexahydro-1,3,5-triazepine-2,6-diones, novel rigid, highly substituted, seven-membered ring urea-based scaffolds. [10] In the present study, the Boc-a -amino acid 1 (1 equiv) was dissolved in THF (5 mL) and cooled to À 15 C. After the addition of ethyl chloroformate (EtOCOCl, 1.1 equiv) and N-methylmorpholine (NMM, 1.1 equiv), the mixture was stirred at À 15 C for 20 min. The resulting white suspension was allowed to warm to À 5 C, treated with an aqueous solution (1 mL) of NaN 3 (2.5 equiv), and stirred for 10 min. After usual aqueous workup, the resulting Boc-a -amino acid azide in toluene was exposed to ultrasound at ambient temperature in the presence of an equimolar quantity of N-hydroxysuccinimide and NMM. Initially they rearranged to the corresponding isocyanates, which are trapped by Scheme 1. Synthesis of O-Succinimidyl(Boc)methylcarbamates.
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N-hydroxysuccinimide, giving the desired O-succinimidyl-(tertbutoxycarbonylamino) methyl carbamate 3a-t (Scheme 1) in high yields. The entire course of the reaction was complete in about 15-20 min. The methyl carbamates 3 precipitated directly from the toluene solution were simply collected by filtration and washed with toluene. All the methyl carbamates 3 were characterized by IR, 1 H, 13 C NMR, and mass spectrometry. Their IR spectrum contains a characteristic sharp peak of methyl carbamate urethane stretching vibrational frequency at around Table 1 . Physical constants of O-succinimdyl-(tert-butoxycarbonylamino)methyl carbamates MALDI mass Table 1 . Almost all the proteniogenic amino acids including Ser, Thr, Tyr, Asp, Glu, Asn, Gln, His, Trp, and Cys have been prepared. The methyl carbamates 3 were stable white crystalline solids. When stored at rt for long periods, neither noticeable degradation nor any change in their spectral behavior was observed. A comparative study for the synthesis of O-succinimidyl-{1-(tertbutoxycarbonylamino)-2-phenyl}methylcarbamate using Boc-Phe-N 3 and N-hydroxysuccinimide was carried out under different conditions. It was found that the formation of 3 through Curtius rearrangement assisted by ultrasound under ambient temperature results in better yields then the classical thermal method or microwave irradiation, and results are furnished in Table 2 .
To demonstrate the use of the activated carbamates, the synthesis of Boc-dipeptidyl urea esters has been carried out. The reaction of methylcarbamate 3 with amino acid esters 4 in THF-DMF (2:1) in the presence of NMM at rt gave the corresponding ureas 5 in good yields (Scheme 2). The reaction proceeds rapidly and was found to be completed within 30 min at rt. A routine workup and recrystallization with DMSO-water resulted in analytically pure dipeptidyl urea esters 5a-j. The only byproduct formed during the reaction was N-hydroxysuccinimide, which was easily removed during aqueous wash. All the dipeptidyl ureas prepared are characterized by 1 H and 13 C NMR and mass spectral methods. The carbamates were further reacted with the in situ generated N, O-bis(trimethylsilyl)amino acids 7 to synthesize Boc-dipeptidyl urea acids Scheme 2. Synthesis of ureidopeptide esters from 3.
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(Scheme 3). A simple workup of the reaction mixture followed by their recrystallization resulted in pure dipeptidyl urea acids 8a-d, which were fully characterized.
Racemization Study for Methylcarbamates 3
To demonstrate the stereospecificity of both the carbamates 3 prepared and their use as urea coupling agents, the carbamate 3f derived from Boc-Phe was coupled with R-( þ ), S-( À ), and R,S-( AE )-1-phenylethylamines 9a-c to obtain the white solid ureas 10a, 10b, and 10c respectively (Scheme 4, Figure 1 ), and their recrystallization resulted in analytically Scheme 3. Synthesis of ureidopeptide acids 8 (Y-H) from 3. Table 3 . List of ureidopeptide esters prepared through scheme 2 6 solution. In addition, the 1 H NMR spectrum of the racemic urea 10c was observed as a doublet of doublet for the methyl group resonances at (d, 1.25, 1.27, 1.28, and 1.30). This clearly confirms that both the carbamates' preparation as well as the coupling reaction to obtain the peptidyl ureas are completely free from racemization.
EXPERIMENTAL
The melting points were recorded in open capillary tubes and are uncorrected. The reactions were carried out using a sonic bath (35 kHz, Elma, T 310=H German make) at ambient temperature. Infrared spectra were recorded on a Nicolet Impact 400D FT-IR spectrometer (KBr pellets, 3 cm À1 resolution). Elementalanalyses were carried out using a PerkinElmer analyzer, and the samples were dried for 24 h under vacuum before analysis.
1 H and 13 C NMR spectra were recorded on a Bruker AMX 400-MHz spectrometer. Mass spectra were recorded on Maldi, PE-Sciex 150 EX LC-MS, and Jeol-JMS-600H spectrometers in FAB þ mode using 3-nitrobenzyl alcohol as a liquid matrix. All solvents were freshly distilled prior to use. Amino acid methyl ester hydrochlorides were prepared using methanol and thionyl chloride. Scheme 4. Preparation of urea adducts for racemization studies.
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General Procedure for the Synthesis of O-Succinimidyl-(tert-butoxycarbonylamino)methylcarbamates 3a-t
Boc-a-amino acid 1 (1 mmol) was dissolved in THF (5 mL) and cooled to -20 C. After addition of ethylchloroformate (1.1 mmol) and Nmethylmorpholine (1.1 mmol), the mixture was stirred at -20 C for 15 min and allowed to warm to À 5 C. It was treated with an aqueous solution of NaN 3 (2.5 mmol in 2 mL of water) for 5 min. After concentration of the solvent under reduced pressure, the resulting residue was diluted with CH 2 Cl 2 (15 mL); washed with 5% citric acid solution (3 Â 5 mL), 5% sodium bicarbonate solution (3 Â 5 mL), and brine; dried over anhydrous Na 2 SO 4 ; and concentrated under reduced pressure to give the acyl azide 2, which was used without further purification. The acyl azide was taken in toluene (5 mL), and N-hydroxy succinimide (1 mmol) and NMM (1.1 mmol) were successively added. The mixture was sonicated in an ultrasound bath for about 15-25 min at ambient temperature. After the completion of the reaction, carbamates crystallized from the toluene solution were collected by filtration. All the carbamates 3 have been fully characterized. The physical and spectral data are furnished in Table 1. 38 (9H, s), 3.0 (4H, m), 3.7 (1H, m), 5.2 (1H, m), 5.8 (1H, m) ; 13 C NMR (DMSO): d 17.9, 26.1, 28.2, 68.6, 70.8, 81.1, 153.1, 158.2, 172.8 . Anal. calcd. for C 13 General Procedure for the Synthesis of Boc-Dipeptidyl Urea Esters (5a-j)
To a stirred solution of amino acid methyl ester hydrochloride salt 4 (1.3 mmol) in THF-DMF (2:1, 5 mL), NMM (1.3 mmol) and Osuccinimidyl methylcarbamate 3 (1 mmol) were successively added and stirred at rt until the completion of the reaction. After the completion of the reaction, the solvent was evaporated under reduced pressure, and the residue was triturated with water, filtered, and finally recrystallized with DMSO-water to afford the pure urea esters 5a-j as crystalline off-white solids.
Data
Boc-Val-w(NH-CO-NH)-Ala-OMe (5a) 
Boc-Dipeptidyl Urea Acids (8a-d): General Procedure
To a stirred suspension of amino acid 6 (1 mmol) in CH 2 Cl 2 (5 mL) freshly distilled TMS-Cl (2.2 mmol) and TEA (2.2 mmol) were added and refluxed for 2 h. The reaction mixture was cooled to rt, O-succinimidyl methylcarbamate 3 (1 mmol) in THF-DMF (2:1, 5 mL) solution was added, and it was stirred for 30 min at rt. After the completion of the reaction, the solvent was evaporated under reduced pressure, and the residue was triturated with water (to remove side product formed during the reaction), filtered, and recrystallized using DMSO-water to afford the pure urea acids 8a-d as crystalline off-white solids. 
